Purpose: Cardiac myxomas are common tumors of the heart with disproportionate impact on young patients, occasionally with dramatic systemic dissemination of tumor emboli with catastrophic multiorgan system ischemia. The coincident comorbidities can increase the risk of traditional treatments for tumor embolus in each region. Case report: A young patient with previously unknown cardiac myxoma presented with seizure and was found to have stress cardiomyopathy, multiple cerebral large vessel occlusions with acute ischemic stroke, bilateral lower extremity tumor emboli and rhabdomyolysis, and renal tumor embolus with acute tubular necrosis. We describe a multidisciplinary approach applying cerebrovascular stent retriever devices in tumor embolectomy of the renal artery of a young patient with systemic morbidity, preventing safe laparotomy for open surgical tumor embolectomy. Conclusion: We describe 2-month renal function outcomes and the considerations in applying a neuroendovascular mechanical thrombectomy device within the renal artery. This was a radiographically successful technique and her renal function appears to be improving at the 2-month follow-up, although this is complicated by other renal insults and support.
Introduction
Cardiac myxomas are the most common tumors of the heart, often affecting young, otherwise healthy patients. 1 Tumor fragmentation and systemic emboli occur in 30% to 40% of cases and are associated with poor prognosis and devastating outcomes. 2 In addition to intracardiac obstruction and constitutional symptoms, patients with embolic manifestations commonly present with stroke, renal failure, ophthalmologic deficits, myocardial infarction, and other systemic infarcts secondary to vascular occlusion. 2 We treated a young patient with a cardiac myxoma presenting with middle cerebral artery (MCA) and basilar artery occlusion and requiring multiple intracranial and systemic embolectomies. Due to multisystem organ failure, she was not a candidate for an open approach to renal artery tumor embolectomy, but our interdisciplinary vascular team applied a hybrid approach to perform a percutaneous renal artery embolectomy with a neuroendovascular device. Using a stent retriever designed for acute ischemic stroke, we successfully removed the renal artery clot via an endovascular approach. This is the first reported use of a stent retriever for endovascular removal of a renal or peripheral artery embolus. We discuss the difficulties and results of this case.
Case Report
A 21-year-old otherwise healthy female presented with a stroke to an outside hospital where a left MCA embolectomy was performed ( Figure 1A and B). At that time, imaging also demonstrated a mid-basilar artery occlusion ( Figure 1C and D), but the interventionist was unfamiliar with cerebral endovascular techniques and did not feel comfortable treating this 1 second lesion. The patient was transferred to our institution for further evaluation and management of multisystem emboli. A transesophageal echocardiogram revealed an ejection fraction of 15% to 20%, for which she required vasopressor and inotrope therapy. Further review of her angiogram from the referring institution demonstrated proximal occlusion of the left renal artery (Figure 2 ). The patient underwent aortoiliac and left femoropopliteal thromboembolectomy, bilateral 4-compartment fasciotomies, anaspiration thrombectomy of a basilar artery thrombus with stent placement, and a thoracotomy foranterograde placement of an intra-aortic balloon pump. Pathologic examination of the atrial mass and the specimens from the basilar artery and lower extremity embolectomies were all consistent with myxoma. The aortoiliac thromboembolectomy was performed by bilateral femoral cut downs and retrograde balloon embolectomy. Laparotomy was later performed to assess for ischemic bowel in the setting of suspected superior mesenteric artery (SMA) embolism. The renal emboli were not removed at the time of the aortoiliac thromboembolectomy due to the respiratory compromise in the operating room requiring initiation of extracorporeal membrane oxygenation (ECMO).
A combination of renal artery thrombus, hypotension from shock and multiple operations, rhabdomyolysis with a creatinine kinase of 180 000, and contrast administration resulted in acute kidney injury with dialysis dependence. Her blood urea nitrogen rose from 13 to 25 mg/dL and her creatinine rose from 1.06 to 3.04 mg/dL in 48 hours. Based on her declining renal function and dialysis requirement, salvage of the left kidney was thought to be beneficial for long-term outcomes and dialysis independence. Due to her systemic emboli, recent exploratory laparotomy, reliance on vasopressors, and stress cardiomyopathy requiring intra-aortic balloon pump requirement, she was not a candidate for an open procedure. A percutaneous left renal artery thromboembolectomy using the Solitaire cerebral stent retriever (Ev3/Covidien, Irvine, California) was proposed after discussion between the vascular and cerebrovascular surgeons.
The left femoral artery cut down was reopened to obtain femoral arterial access. Catheterization of the middescending aorta demonstrated that the intra-aortic balloon pump (IABP) traversed the ostia of the renal arteries. The aortic balloon pump was temporarily paused. A Cobra catheter (Cook Medical, Bloomington, Indiana) was used to select the left renal artery. To enable aspiration support during stent retrieval, the Cobra catheter was removed over an exchange-length 0.038 glidewire and replaced with a 5Max ACE (Penumbra, Alameda, California) catheter.
A Solitaire 6 Â 30 mm stent retriever was deployed across the embolus with adjuvant administration of 5 mg tissue plasminogen activator (tPA) within the left renal artery ( Figure 3 ). After 5-minute clot integration, the stent retriever was removed with successful capture of some tumor and thrombus. However, left renal artery angiogram demonstrated incomplete revascularization. This procedure was repeated and resulted in improved flow through the renal artery with a patent left main renal artery and filling of the proximal branches ( Figure 4 ). The distal vasculature of the parenchyma demonstrated poor contrast filling on a final follow-up angiogram, but the proximal renal artery and superior renal capsule were well perfused.
One week after the procedure, her creatinine had declined to 0.81 mg/dL. However, with worsening left lower extremity ischemia that ultimately required an above-knee amputation, her renal function began to decline a week following the renal artery embolectomy and 2 weeks later, her creatinine was 2.49 mg/dL and at 2-month follow-up, her creatinine was 0.97 mg/dL. No postprocedural study was done to determine the patency of the left main renal artery or the functional status of the left kidney.
Discussion
Stent retrievers represent the most recent generation of devices developed for mechanical thrombolysis in cerebral thromboembolic stroke. These devices were applied in the most recent series of endovascular thrombectomy in acute ischemic stroke trials published in 2015, showing significant clinical improvement compared to tPA alone. [3] [4] [5] [6] The 2 most commonly used stent retrievers are Solitaire (Covidien Medtronic, Plymouth, Minnesota) and Trevo (Stryker, Fremont, California). The Solitaire is a parametric design stent, whereas the Trevo is a closed cell stent, but both devices are self-expanding stents with unconstrained diameters of 4 to 6 mm and lengths from 15 to 30 mm optimized for mechanical thrombectomy within the intracranial internal carotid artery and M1 MCA. Newer variations include 3 mm diameters for mechanical thrombectomy from distal cerebral vessels. These devices are typically deployed via microcatheters of 0.021 to 0.027 inch inner diameters (IDs). Despite the increased use of stent retriever devices for intracranial embolectomy, extracranial endovascular stent retriever embolectomy has only been reported once in the relatively oblique branching of extremity vessels. 7 Renal artery embolectomy was traditionally performed using an open surgical approach, which is associated with high rates of morbidity and mortality. [8] [9] [10] Laparoscopic and roboticassisted approaches have been introduced as less invasive alternatives to open aortorenal bypass and thromboembolectomy. [11] [12] [13] [14] Endovascular revascularization techniques such as pharmacologic thrombolysis, rheolytic mechanical embolectomy, stent placement, and angioplasty remain controversial and limited in use. 15 These have not been validated in tumor embolus in comparison with thromboembolus.
Compared to the removal of systemic emboli, intracranial embolectomy is less amenable to open surgical access and removal of the clot. Stent retrievers and the mechanical thrombectomy devices that preceded their use were specifically designed for intracranial use. Endovascular access for acute ischemic stroke reduces the procedural time by obviating craniotomy and exposure of the skull base anatomy. The relative ease and speed of access to extracranial emboli and the often less time-sensitive nature of these procedures diminish the demand for renal and peripheral endovascular approaches. This is particularly true of extremity embolisms, but renal artery embolectomy represents a more invasive procedure.
In this patient, however, open surgical embolectomy was contraindicated because of multiorgan system failure, including vasopressor-dependent multifactorial shock, severe stress cardiomyopathy requiring IABP, acute tubular necrosis requiring dialysis, and rhabdomyolysis. Despite an estimated warm ischemic time to the left kidney of 36 to 48 hours, which was prolonged in the setting of concurrent multiorgan failure necessitating stabilization, revascularization was deemed appropriate in this extremely young patient. Several studies have demonstrated the potential benefits of renal revascularization after prolonged warm ischemic time. [16] [17] [18] In the interest of maximizing her likelihood of long-term dialysis independence, despite declining renal function, we sought a less invasive alternative to an open embolectomy. Through collaboration between cerebrovascular neurosurgeons, vascular surgeons, and cardiothoracic surgeons, we applied the stent retriever embolectomy technique that is increasingly used to treat acute ischemic stroke in a novel extracranial context.
The Solitaire stent retriever has been previously used for a thrombectomy of an aortic chimney stent. 19 It has also been used for coronary artery reperfusion, but never for visceral thromboemboli. 20 Visceral thromboemboli can be managed with other endovascular techniques, including thrombolysis, aspiration thrombectomy, and mechanical thrombectomy. [21] [22] [23] [24] [25] Endovascular mechanical thrombectomy with thrombolysis has been previously performed for the treatment of renal artery thromboembolus, but never with the Solitaire device. 22 The case we describe is the first reported use of Solitaire stent retriever embolectomy for removal of visceral embolus within a native vessel and the first use of this technique for extracranial embolectomy after cardiac myxoma.
As the first Solitaire stent retriever embolectomy performed for a visceral embolus, we encountered several barriers that should be considered in future application: concurrent devices, guide-catheter selection, guide-catheter positioning, embolectomy device selection, and retrieval haptics. The presence of an IABP placed in an anterograde fashion permitted the typical femoral access to cerebrovascular thrombectomy, but the positioning of the IABP inhibited catheterization of the renal artery. Intermittent cessation of IABP function allowed selection of the vessel. The proximity of the renal artery to access would theoretically allow the use of shorter catheters, but compatibility remained a concern, so the standard cerebral guide catheters were used although several shorter catheter systems were considered and appeared compatible with 0.027 ID microcatheters. The guide catheter would be most securely seated within the renal artery ostium, but given the short purchase, delivery of the microcatheter and stent retriever repeatedly displaced the guide catheter that did not provide adequate proximal support. This required more coordination between 2 interventionists than usual, one adjusting tension on the guide catheter while the other delivered the microcatheter. Finally, the renal artery is geometrically on the order of the internal carotid artery and usually suitable for the largest available stent diameter, currently 6 mm. Based on neurovascular experience, potential complications include vessel perforation and partial success of revascularization. Although the stent retrieval is not associated with vessel spasm or injury during stroke applications, perforation may occur before stent deployment from navigation of the microwire and catheter across the embolus in an angiographically blind fashion. Historically, the stent retriever was designed after off-label application of prior generation detachable stents. The stent retrievers applied for stroke are not detachable, although as with any device or wire, excess forces can damage or fracture the device. Disruption of an embolus may recannalize a proximal vessel but result in small fragments embolizing to distal vessels, resulting in partial revascularization despite successful embolectomy. In stroke treatment, some centers use a dual-lumen balloon guide catheter to achieve flow arrest during the stent retriever embolectomy.
Radiographic evidence during and after the procedure indicated restoration of renal artery perfusion and contrast filling of the superior capsule; however, the distal vasculature of the parenchyma remained poorly perfused. Despite incomplete restoration of renal function, the operation improved perfusion of the renal artery and temporarily reversed her declining renal function. The patient's renal function improved immediately after the operation and throughout postoperative week 1, but subsequently declined coincident with worsening limb ischemia and associated rhabdomyolysis and an extensive operation to resect her atrial myxoma. The incomplete improvement in renal function due to impaired parenchymal perfusion despite removal of the renal artery clot suggests that perhaps excessive ischemic renal damage had already occurred prior to the procedure. There are no follow-up studies demonstrating a patent left renal artery or to determine the amount of functional renal mass. A normal serum creatinine does not imply functional bilateral kidneys. Despite the mixed results of the intervention, the use of the Solitaire stent retriever for renal and peripheral embolectomies may provide a viable endovascular alternative for patients who cannot undergo an open surgical embolectomy.
Conclusion
Stent retriever embolectomy is a novel and increasingly prevalent endovascular treatment modality for acute ischemic stroke. The use of stent retriever embolectomy to remove a renal artery or other peripheral embolus has never previously been reported. We describe a patient with an atrial myxoma and systemic embolic insults on whom we performed a left renal artery embolectomy using a stent retriever. Despite the challenges of using a stent retriever outside the cerebral vasculature, the clot was removed and perfusion of the renal artery was restored. The innovative application of neuroendovascular tools to an extracranial pathology was made possible by collaboration between vascular, cardiothoracic, and neurosurgeons. Stent retriever embolectomy may prove to be a viable alternative to open surgical embolectomy for renal and peripheral emboli and merits further investigation.
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